1 Alteration in hemodynamic shear stress at atheroprone sites promotes endothelial paracellular 2 pore formation and permeability. Previously, we have reported that a peptide inhibitor to Nck 3 prevented shear stress-induced p21 activated kinase (PAK) activation and endothelial 4 permeability. However, the specificity of this peptide is unclear, and the role of individual Nck 5 isoforms remain unknown. Here, we show that genetic deletion of Nck1/2 adaptor proteins 6 significantly ameliorates shear stress induced permeability, and selective isoform depletion 7 suggests distinct signaling mechanisms. Only Nck1 deletion significantly reduces flow-induced 8 paracellular pore formation and permeability, whereas Nck2 depletion has no significant effects.
 Vascular Permeability.
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 Adaptor proteins Nck1 and Nck2.
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 P-21 activated kinase.
25

New and Noteworthy:
26
The present study shows a specific role for Nck1 in endothelial permeability in response to shear 27 stress. Using in vitro and in vivo models, we demonstrate improvement in endothelial barrier 28 integrity in cells subjected to disturbed flow only following Nck1 but not Nck2 deletion. Selective
29
Nck1 inhibition may limit endothelial permeability at sites of disturbed flow to reduce 30 atherosclerosis without affecting angiogenesis, which requires both Nck1 and Nck2 inhibition. changes in endothelial permeability and leukocyte recruitment (25) . Disturbed flow, observed at 34 athero-prone regions, compromise endothelial layer integrity, resulting in enhanced 35 permeability(4, 23). Multiple molecular mechanisms have been linked to flow-enhanced 36 permeability, including activation of the serine/threonine kinase p21-activated kinase (PAK) in 37 both in vitro (19) and in vivo(17) atherogenic models. Activated PAK localizes to cell-cell junctions 38 and promotes endothelial permeability through cytoskeletal remodeling, turnover of junctional 39 proteins, and paracellular pore formation (17, 24) . However, the mechanisms by which PAK is 40 recruited to cell-cell junctions in response to shear stress remains unknown.
41
The non-catalytic region of tyrosine kinase (Nck) family of adaptor proteins includes two isoforms 42 (Nck1 and Nck2) composed exclusively of SH2/SH3 domains that lack enzymatic functions but 43 mediate protein-protein interactions (1) . Interactions between Nck's SH2 domain and tyrosine 
57
However, the specificity of this peptide to Nck and the individual roles of Nck1 and Nck2 in shear 58 stress-induced permeability remain unknown. Therefore, we utilized both cell culture and animal 59 models of selective Nck1 and Nck2 depletion to characterize Nck signaling in flow-induced 60 endothelial permeability.
61
Materials and Methods: All reagents were provided from Gibco, USA, unless otherwise stated.
62
All lentiviral vectors were designed and obtained using VectorBuilder website. 
136
Nck1 but not Nck2 ablation decreases shear stress-induced permeability:
137
Having shown that deletion of both Nck1 and Nck2 decreases shear stress induced permeability,
138
we sought to determine whether individual Nck isoforms differentially mediate this response.
139
Using lentiviral shRNA delivery, we specifically knocked down Nck1 and Nck2 in endothelial cells 
147
In vivo, areas of disturbed flow show elevated endothelial permeability(12). Therefore, to study 
159
Consistent with previous data, the leakage of plasma FG was significantly ameliorated in Nck1
160
KO and iEC-Nck1/2 DKO mice compared to controls. However, Nck2 KO mice did not significantly 161 affect either Evans Blue extravasation or FG staining (Figure 3C-D) .
162
Nck1 regulates shear stress-induced permeability by its SH3 domains:
163
To characterize why Nck1 but not the highly homologous Nck2 is capable of regulating endothelial 
174
suggesting that the Nck1 and Nck2 SH2 domains are both capable of targeting Nck to the proper 175 location for SH3 domain-mediated signaling (Figure 4C-D) . Together, these data reveal that Nck1 permeability, whereas the SH2 domains of Nck1 and Nck2 are redundant.
Nck1 mediates permeability by promoting PAK recruitment to PECAM-1:
179
We previously showed that tyrosine phosphorylated platelet endothelial cell adhesion molecule- 
208
induced endothelial permeability and para-cellular pore formation.
209
The two highly similar Nck proteins (Nck1 and Nck2) are expressed by different genes (21) 
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The authors have no conflict of interest. ) and stained with PECAM-1 (Red) for paracellular pore formation (stars). D-E) Endothelial cell permeability assessed after oscillatory shear exposure (OSS; ±5 dynes/cm2 with 1dynes/cm2 superimposed flow) for 18h, using the biotinylated gelatin-Alexa647 Streptavidin (Red) system, F-actin was labeled with Alexa488-Phalloidin (Green). All data are from n=4, mean ± SEM, analyzed by 2-way ANOVA, and Bonferroni's post-test, **p<0.01. Scale bars=100-200µm. Data are analyzed by 2-Way ANOVA, and Bonferroni's post, n=4, **p<0.01. E) Nck1 and Nck2 in PECAM-1 co-immunoprecipitation assay confirms the direct interactions between Nck1/2 with PECAM-1 in response to shear stress. From n=4 independent experiments. F) Schematic diagram suggesting that Nck1/2 bind to PECAM-1 in response to shear stress, but only Nck1 through its SH3 domains regulate the permeability. G-H) PAK2 activation as assessed by phosphorylation is downregulated by Nck1 ablation, data are mean ± SEM, analyzed by One-Way ANOVA, *p<0.05, ****p<0.0001.
